Introduction
The quantity and quality of research in the field of sleep has increased rapidly, with a 4-fold rise in the number of publications during the period from 1974 to 2007. 1 Obstructive sleep apnea (OSA) is a sleeprelated breathing disorder characterized by repetitive upper airway obstruction, which causes frequent episodes of reduced (hypopnic) or no (apneic) airflow during sleep. 2 OSA is common in the adult population, with a prevalence of approximately 5%, 3 and it may negatively affect multiple organs, resulting in the development of cardiovascular diseases and neurocognitive problems. 4 OSA can be treated using continuous positive airway pressure (CPAP), which has been shown to result in improved quality of life. 5 Bibliometric analysis is a research method used in library and information science to evaluate research performance. 6, 7 This method uses quantitative and statistical analyses to describe patterns of publication on a given topic, in a given field, institute, or country. The increasing use of bibliometric analysis by institutes 8 and journals 9 indicates its importance. Close examination of the literature provides information to researchers, Index (SCI) or Social Science Citation Index (SSCI), which are published by the Institute for Scientific Information (ISI), Philadelphia, PA, USA, to trace citations. Numerous medical topics such as sleep research, 1 severe acute respiratory syndrome, 12 respiratory medicine, 13 patent ductus arteriosus, 14 and asthma research 15 have been analyzed using the SCI and SSCI to assess the performance in each research topic and indicate the authors' impacts on and contributions to their respective fields. However, despite the importance of OSA, there have been no published bibliometric analyses of the research on this disorder. In this investigation, we attempted to gain insights into the quantity and quality of research in the area of OSA by analyzing the SCI database. The results of this study will be of value to researchers in various fields, including clinical neurology, who seek information about the current trends and future directions in sleep-related research.
Methods
Publications containing abstracts were extracted with a literature search performed in August 2007 using the online version of the SCI ® (http://scientific.thomson. com/products/sci/)-ISI Web of Knowledge Service (version 3.1). Author-generated key words, such as "obstructive sleep apnea", "obstructive apnea", and "OSA", and KeyWords Plus ® were analyzed. KeyWords Plus ® in the SCI database supplies additional search terms extracted from the titles of articles cited by authors in their bibliographies and footnotes. 16 Data collected from the online searches were extracted and manipulated in Excel spreadsheets to provide the input for the analysis, and the search results were checked to verify that all entries were related to OSA. Documents were analyzed according to trends of publication output, subject category, journal pattern, country of publication, authorship, author-generated key words, and KeyWords Plus ® . The trend of annual publication output was determined from 1991, the first year in which abstracts were available in ISI, to 2006, the last year for which complete information was available at the time of the search; and the analysis was performed for 4-year periods within this 16-year time span. Articles originating from England, Scotland, Northern Ireland, and Wales were grouped under the United Kingdom (UK) heading. The impact factor of a journal was determined for each document as reported in the Journal Citation Reports (JCR) 2005. We determined the type of collaboration for each article by the address of each author, where "independent" was assigned if no collaboration was found and "international collaboration" was assigned if a paper was co-written by researchers from more than 1 country.
Results

Trends of publication output
There were a total of 6,328 articles in SCI published during the 16 years between 1991 and 2006 with "obstructive sleep apnea", "obstructive apnea", or "OSA" in the title. Table 1 ). The OSA Productivity Index, which was obtained by dividing the number of articles at each time by the number published in 1991, also grew; and the 3.25-fold increase in the Productivity Index for OSA-related articles over the 16-year period was higher than the 1.81-fold increase in the Productivity Index for all publications obtained from MEDLINE.
Subject category
A wide variety of subjects are related to sleep research. Of the 6,328 articles tabulated, 6,322 had subject category information. Clinical neurology accounted for > 10% of all articles and was ranked second, behind the respiratory system, in the listing of subject categories under which research on OSA was conducted (Table 2) . However, recently, more publications on OSA have been falling into categories such as pediatrics, and cardiac and cardiovascular systems. In contrast, fewer papers on OSA are being published in categories of more general interest, such as general and internal medicine, and sports sciences. Table 3 lists the 7 core journals that published more than 100 papers on OSA research, the corresponding percentage of OSA papers accounted for by each journal over the 16-year period, and impact factor for each journal indexed in the 2005 edition of the JCR. The most active journals were Sleep, Chest, and American Journal of Respiratory and Critical Care Medicine. During the period examined, these 3 journals published 8.3%, 7.5%, and 6.2% of the total number of articles, respectively. Among the journals that covered OSA, 94 had an impact factor > 10, and these journals published 1.5% of the papers on OSA. Journals that had impact factors ranging from 1 to 2 accounted for 22% of the publications, and 30% of the OSA-related articles were published in journals with an impact factor between 4 and 10.
Journal pattern
Obstructive sleep apnea research trends Table 4 shows the ranking for the top 11 countries in terms of output for the 6,296 OSA-related publications that provided addresses for authors. The major industrial countries ranked highest, with the United States first producing 41% of the papers, and Canada second with 7.2%. The United States and Canada also produced the greatest number of papers that were determined to be international collaborations by author addresses.
Distribution of research among countries
Authorship
The average number of authors per article was 4. Author-generated key words and KeyWords Plus ® Table 5 summarizes the most frequently used authorgenerated key words. A total of 6,413 key words were listed by authors in the 4,233 articles with records of author-generated key words in the SCI database. Most of the key words (73%) were used just once, and 11% were used twice. Table 6 shows the distribution of key words obtained from KeyWords Plus However, KeyWords Plus ® identified additional terms among the top 15, such as "daytime sleepiness", "children", "therapy", and "men" that were not apparent among the authors' key words.
Terms that relate specifically to the field of clinical neurology, such as "sympathetic nervous system" and "stroke", are shown in Table 7 . The analysis in Table 7 also shows that some terms, for example "stroke", have risen in rank over time, with an increase from the overall ranking of 55 to 40 for the period [2003] [2004] [2005] [2006] .
Discussion
This study provides a bibliometric analysis showing that the annual number of publications related to OSA has been growing at a much faster rate than the overall scientific literature during the past 16 years. This study was limited because only publications that were contained and ranked within SCI were analyzed. Nevertheless, our results for the specific area of OSA are consistent with those obtained from a similar analysis of the literature of sleep science in general, which reported a 4-fold increase in the productivity index for sleep-related publications compared to a 2-fold increase in that for all scientific publications over the period from 1974 to 2004. 1 This growth may reflect the increasing awareness of the importance of sleep in modern society 17, 18 and the rapid rise in the number of sleep centers and laboratories that can diagnose sleep disorders. 19 This analysis of OSA-related publications has revealed a trend toward specialization in the area of OSA-related research. For example, a decrease in the number of publications was noted in subject areas such as general and internal medicine, psychiatry, and sports sciences. Furthermore, among the 7 core journals that published the most OSA-related research, the highest ranking (Sleep) focuses exclusively on sleep research. The wide variety of subject categories that contained publications on OSA also reflects the impact of OSA on many aspects of health, including the respiratory, cardiovascular, and nervous systems.
The subject category of clinical neurology ranked second in terms of the number of publications related to OSA. This suggests that OSA is a research area of increasing concern to neurologists. Within the category of clinical neurology, the current focus of OSA research is indicated by the terms "autonomic nervous system", "quality of life", "depression", "serotonin", "stroke", and "epilepsy". From the perspective of frequency of use of key words, it is apparent that the Obstructive sleep apnea research trends relationship between OSA and other areas of neurologic disease requires continued investigation.
The results of our analysis of the distribution of research among different countries indicated that the majority of research on OSA is being conducted in the major industrialized countries. This is probably because sleep research in general has enjoyed considerable attention and support in these countries and the study of OSA usually requires a rather resource-intensive overnight observation for diagnosis and monitoring.
Our study found a large number of key words that were used only once. This, combined with the variety of subject categories noted, may indicate a lack of continuity in research and a wide disparity in research focuses corresponding to the increasing significance of OSA in multiple disciplines. 20 A unique aspect of this study was the use of the KeyWords Plus ® feature to identify research trends. 21 Previous bibliometric studies have used only authorgenerated key words, but we have analyzed with the use of KeyWords Plus ® simultaneously. In general, the source title and author-generated key words supply reasonable details about an article's subject. 22 KeyWords Plus ® , however, can reveal greater detail about an article's content. 23 Thus, by combining the terms from KeyWords Plus ® , it is possible to glimpse more details about the subject of each individual article and to identify emerging themes within the field. The term metabolic syndrome illustrates this. Our data showed that the area of metabolic syndrome ranked 132 in the overall period of study, but that its rank rose to 54 in the most recent period of 2003 to 2006. This suggests that recognition of the association between OSA and metabolic syndrome has emerged since 2003. 24 Therefore, articles that may not have identified OSA as a key word but may be part of a developing research trend will be captured in a bibliometric analysis using KeyWords Plus ® . Terms that were identified by KeyWords Plus ® , for example "daytime sleepiness", "children", and "men" may confirm that most patients with OSA experience daytime sleepiness, 25 that sleep disorders are important in children as well as adults, 22 and that men are more likely to have OSA than women. The most commonly used key words after "OSA" and "sleep apnea" were "snoring" and "polysomnography". From this observation, we might infer that current OSA research is focused on clinical symptoms, such as snoring, and frequently used methods of diagnosis, such as polysomnography. On the other hand, there is less emphasis on basic laboratory research about OSA at present. These terms may suggest areas where additional research is needed in the future.
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